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Summary
Objective.  —  This  study  aimed  to  assess  the  confidence  levels  of  dentists  in  identifying  intact
and sectioned  human  teeth  and  to  identify  the  factors  contributing  to  variations  in  confidence
levels.
Design. —  An  anonymous  Jisc  e-survey  showing  14  questions  was  sent  to  dentists  worldwide.
Apart from  acquiring  demographic  details  of  the  participants,  ten  three-dimensional  (3D)  tooth
models were  presented  for  tooth  identification  including  the  opinion  on  the  level  of  confidence
in identifying.  They  included  seven  permanent  and  three  deciduous  teeth  in  intact  or  sectioned
state. The  tooth  models  were  created  and  manipulated  using  ZBrush  software  (Maxon  Indus-
tries, Inc.)  and  uploaded  to  the  Sketchfab  model  hosting  platform.  The  accuracy  of  results
was quantitatively  analysed  in  five  categories,  namely:  (I)  tooth  type,  (II)  region,  (III)  tooth
classification,  (IV)  tooth  within  the  same  class,  and  (V)  FDI  World  Dental  Federation  notation.
Results. —  Most  participants  received  education  in  dental  anatomy  at  the  undergraduate  level.
No significant  differences  in  accuracy  were  seen  between  intact  and  fractured  tooth  models.
The highest  accuracy  was  seen  in  Category  I  (Permanent  or  Deciduous,  0.74)  and  the  lowest  in
Category V  (FDI  Notation,  0.26).  The  perceived  confidence  of  each  participant  (total  of  56)  was

seen to  have  the  highest  accuracy  when  the  participant  opined  limited  confidence,  although
with no  significant  differences  for  each  category  (P  >  0.05).  Moreover,  the  most  common  error
was found  in  the  category  II  region,  where  participants  could  not  correctly  locate  the  tooth  on
the right  or  left  side  of  the  mouth  in  six  3D  tooth  models.
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Conclusion.  — The  assessment  of  intact  and  sectioned  teeth  has  not  presented  differences  in
accuracy. High  accuracy  was  seen  when  dentists  categorised  permanent  and  deciduous  teeth.
The highest  accuracy  in  results  was  linked  to  the  limited  confidence  of  dentists  but  factors
contributing  to  this  level  of  confidence  are  not  clear  in  this  study.  More  attention  should  be
paid to  the  dental  features  that  distinguish  location  on  the  right  or  left  side  of  the  mouth.
© 2024  Les  Auteurs.  Publié  par  Elsevier  Masson  SAS.  Cet  article  est  publié  en  Open  Access  sous

//cre

I

T
f
a
t
c
t
v
g
a
p
v
fi
t

t
p
l
F
l
o
s
o
i
d
t
n
t

r
o
a
c
a
c
r
s
[
a
g

t
w
i
[
t
o
S
s
r

o
s

t
p
i
p
a
c
s
b
d
e

t
c
t
t
t
d
m
r
d
t
l

M

A
v
m
t
(
d
d
q
D
c
c
o
h
c
e
i
v
t
taught  others  about  dental  anatomy  or  tooth  identification;
licence CC  BY-NC-ND  (http:

ntroduction

he  ability  to  accurately  restore  the  anatomy  of  a  tooth  is  a
undamental  skill  for  dental  professionals.  They  should  have

 good  understanding  of  the  tooth  characteristics,  similari-
ies,  differences,  and  variations  of  teeth  [1].  Those  skills  are
rucial  for  routine  dental  practice  and  also  for  forensic  odon-
ology,  where  teeth,  both  intact  and  sectioned,  can  provide
ital  evidence  in  identifying  individuals  in  criminal  investi-
ations  and  mass  disaster  operations.  Dental  anthropologists
re  also  concerned  with  the  analyses,  recording,  and  inter-
retation  of  anatomical  crown  and  root  traits,  which  are
aluable  for  the  study  of  human  variations  as  well  as  for
elds  such  as  archaeology  and  palaeontology  [2],  compara-
ive  odontology  (zoology)  and  osteoarchaeology  [3].

Even  though  teeth  are  stable  over  time,  being  resilient
o  high  temperature,  trauma,  and  variations  in  humidity  and
ressure  [4,5],  they  might  be  presented  in  the  form  of  iso-
ated  teeth  or  tooth  fragments  as  a  result  of  mass  fatalities.
or  this  reason,  forensic  dentists  must  master  precise  know-
edge  of  dental  anatomy  and  morphology  [6,7].  The  recovery
f  bodies  found  in  shallow  earth  graves  or  resting  on  earth
hould  be  careful  to  avoid  missing  loose  teeth,  fragments,
r  restorations.  When  bodies  are  recovered  from  water  it
s  not  always  possible  to  retrieve  an  intact  tooth  [8].  In
ental  anthropology,  the  study  of  extensive  tooth  wear  in
eeth  from  past  generations  is  attributed  mostly  to  functio-
al  demands,  such  as  the  chewing  of  food  and  the  use  of
eeth  as  tools  [9].

It  is  understood  that  dental  anatomy  education  is  tho-
oughly  provided  to  dental  professionals  in  the  early  years
f  qualification  and  the  focus  becomes  more  on  the  clinical
spects  of  dentistry  in  their  practice  [10].  In  terms  of  clini-
al  significance,  dental  professionals  must  follow  the  tooth
natomy  in  abraded  teeth  to  create  a  functionally  more  effi-
ient  restoration  and  lessen  the  load  on  the  teeth  [11].  The
elationships  of  tooth  form  to  the  form  of  the  supporting
tructures,  including  the  gingiva  must  also  be  considered
12].  Moreover,  dentists  are  required  to  visualise  the  dental
natomy  from  radiographs  and  cone  beam  computed  tomo-
raphy  (CBCT)  scans  [13]  for  diagnosis.

Confidence  levels  in  Dentistry  have  been  explored  in
he  past.  A  study  showed  that  higher  confidence  levels
ere  demonstrated  by  final-year  dental  students  for  clinical

nformation  gathering,  diagnosis,  and  management  planning
14].  Complex  procedures  that  were  least  practiced  scored
he  lowest  in  overall  mean  confidence  [15]. Different  types

f  procedures  would  also  change  the  level  of  confidence.
tudents  felt  more  confident  in  direct  restorations  and
imple  endodontic  treatment  as  opposed  to  indirect  resto-
ations  and  complex  endodontic  treatment  [16].  Confidence
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ativecommons.org/licenses/by-nc-nd/4.0/).

f  postgraduate  dentists  following  a  prolonged  period  of
tudy  needs  to  be  explored  [17].

Even  though  much  has  changed  in  dental  anatomy
raining  with  the  creation  of  three-dimensional  tooth  mor-
hology  educational  tools  [1,18,19],  not  many  studies  have
nvestigated  the  confidence  levels  of  dentists  in  tooth  mor-
hology.  Results  of  a study  that  investigated  the  knowledge,
ttitude,  and  practice  of  tooth  morphology  were  signifi-
antly  different  among  undergraduates  and  postgraduate
tudents.  The  prior  might  show  a  lack  of  self-confidence
ecause  of  less  clinical  exposure,  while  the  latter  might
evelop  better  psychomotor  skills  due  to  higher  clinical
xposure  and  adopt  self-directed  learning  principles  [20].

The  factors  that  affect  confidence  in  tooth  identifica-
ion  are  unknown.  It  should  be  investigated  whether  dentists
ould  have  their  confidence  more  challenged  by  the  distinc-
ion  between  permanent  or  deciduous  teeth  or  locating  the
ooth  in  the  correct  quadrant  of  the  mouth.  Additionally,
he  degree  of  difficulty  when  identifying  teeth  presenting
ifferent  damages  (missing  tissues  because  of  physical,  che-
ical,  or  pathological  causes)  should  be  understood.  For  this

eason,  this  study  aimed  to  assess  the  confidence  levels  of
entists  in  identifying  various  intact  and  sectioned  human
eeth  and  the  contributing  factors  to  variations  in  confidence
evels.

aterial and method

n  anonymous  e-survey  was  created  using  Jisc  online  sur-
eys  v3  and  sent  by  email  to  several  dentists  who  are
embers  of  the  Indo-Pacific  Academy  of  Forensic  Odon-

ology,  Association  Forensic  Odontology  for  Human  Rights
AFOHR),  and  Dentistry  World  Update  group.  It  was  divi-
ed  into  two  parts,  part  one  (P1)  being  about  participant
emographic  details  and  composed  of  three  closed-ended
uestions  (Q1—Q3):  Q1  —  What  is  your  profession?* Dentist;
entist  (in  postgraduate  training  in  Dentistry);  Dentist  (have
ompleted  postgraduate  training  in  Dentistry);  Q2  —  Please
hoose  the  description  below  that  best  describes  your  level
f  expertise  in  dental  anatomy  or  tooth  identification:*  I
ave  received  teaching  in  dental  anatomy  or  tooth  identifi-
ation  (at  the  undergraduate  level  only);  I  have  received
nhanced/additional  training  in  dental  anatomy  or  tooth
dentification  (beyond  undergraduate  level);  I have  recei-
ed  enhanced/additional  training  in  dental  anatomy  or
ooth  identification  (beyond  undergraduate  level)  and  I  have
 have  taught  others  about  dental  anatomy  or  tooth  identi-
cation;  Other;  Q3  —  If  you  answered  ‘other’ above,  please
pecify.
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Morphologie  1

The  second  part  (P2)  showed  eleven  questions  (Q4—Q14)
resenting  3D  tooth  models  for  tooth  identification.  The
odels  were  produced  by  a  medical  illustrator  using  ZBrush

oftware  (Maxon  Industries,  Inc.)  and  manipulated  so  that
ome  of  the  teeth  were  sectioned  longitudinally,  axially,
r  transversally  (final  models  were  either  intact,  sectioned
o  remove  the  root/part  of  the  root,  sectioned  to  remove
he  crown/part  of  the  crown,  or  sectioned  longitudinally
o  remove  part  of  both  root  and  crown).  The  resulting  3D
odels  were  renamed  to  remove  all  references  to  which

ooth  they  represented  and  then  uploaded  to  Sketchfab  3D
odel  hosting  platform.  The  ‘cut’  surfaces  of  the  models
ere  flat,  white  surfaces  (i.e.  no  internal  structure  of  the

ooth  was  shown).
The  tooth  or  tooth  fragment  was  shown  alongside  a ruler

 mm  in  length,  for  scale  within  each  question  page.  The
articipant  would  also  click  on  ‘View  Model  N1,  N2,  N3.  .  .

tc.’  to  inspect  each  tooth  in  3D.  Each  model  was  iden-
ified  only  by  a  code  number:  ‘‘Model  N1’’,  ‘‘Model  N2’’,
‘Model  N3’’  as  seen  in  Table  1  and  participants  could
otate  and  zoom  the  model  using  the  3D  controls.  For  each
ooth,  sub-questions  (SQa  —– SQc)  were  presented  as  follows:
Qa  —  Please  attempt  to  identify  the  above  tooth  according
o  the  FDI  system  (all  permanent  and  deciduous  teeth  are  lis-
ed  in  the  dropdown  menu  below);  (Deciduous,  permanent,

 could  not  identify  this  tooth);  SQb  —  Please  state  your
evel  of  confidence  in  identifying  the  previous  tooth  accor-
ing  to  the  following  range: 1  (tooth  identified  with  total
onfidence);  2  (tooth  identified  with  limited  confidence);  3
tooth  identified  with  low  confidence);  4  (tooth  identified
ith  no  confidence);  5  (impossible  to  identify  tooth,  confi-
ence  can’t  be  scored).  Experimentation  on  specimens  or
ubjects  has  not  happened  in  this  study  so  ethical  approval
as  not  required.

The  resulting  questionnaire  was  analysed  for  accuracy  in
ve  categories,  namely:  (I)  tooth  type  (i.e.,  permanent  or
eciduous),  (II)  region  (e.g.,  region  1  for  upper  right  perma-
ent,  region  2  for  upper  left  permanent,  region  5  for  upper
ight  deciduous,  and  so  on),  (III)  tooth  classification  (i.e.,
ncisors,  canines,  premolars,  or  molars),  (IV)  tooth  within
he  same  class  (e.g.,  upper  central  permanent  incisor,  upper
ateral  permanent  incisor,  and  so  on),  and  (V)  FDI  Notation
e.g.,  11,  12,  23).  The  resulting  accuracy  was  further  compa-
ed  using  a  t-test  between  the  fractured  and  intact  teeth  in
he  questionnaire,  and  ANOVA  analysis  to  test  the  difference
f  accuracy  for  each  perceived  confidence.  To  simplify  the
alculation,  mean  confidence  was  used  to  derive  the  overall
erceived  confidence  of  the  respondent.  This  mean  confi-
ence  was  calculated  by  converting  the  confidence  level
or  each  question  to  a  number  (i.e.,  total  confidence  =  1,
imited  confidence  =  2,  etc.),  sum  the  overall  number,  and
hen  converting  it  back  to  the  confidence  level  based  on
he  score  times  10  (i.e.,  sum  of  Confidence  Score  10  =  total
onfidence,  11—19  =  limited  confidence,  etc.).

Accuracy  is  derived  from  the  total  correct  responses
or  each  question,  divided  by  the  number  of  questions  if
ecessary  (i.e.,  accuracy  for  intact  tooth  questions  will  be
ivided  by  four,  and  accuracy  for  fractured  tooth  questions

ill  be  divided  by  six).  Further  analysis  using  Fleiss  Kappa
as  calculated  for  inter-observer  agreement  to  observe  the
onsistency  of  answers  between  participants.  All  analyses
ere  conducted  in  RStudio.  Finally,  if  discrepancies  were

o
o
c
1

3

025)  100922

ound  in  the  answers  for  the  identification  of  each  tooth
odel,  the  two  most  popular  answers  would  be  compared
y  categorizing  the  error  according  to  the  category  (I—V).

esults

 total  of  56  participants  took  part  in  the  study,  with  most  of
he  participants  being  dentists  who  had  received  education
n  dental  anatomy  only  at  the  undergraduate  level  (n  =  13).
roups  with  the  second  highest  number  of  participants  were
entists  in  PG  training  who  had  received  education  in  dental
natomy  only  at  the  undergraduate  level  and  dentists  with
G  training  with  additional  training  and  taught  others  (n  =  7
ach)  as  shown  in  Fig.  1.

Fig.  2  reports  the  overall  accuracy  analysis  and  Kappa
alues  for  each  category  (I—V).  Results  for  accuracy:  cate-
ory  I,  tooth  type  (permanent  or  deciduous;  0.74)  showed
he  highest  accuracy  whilst  the  lowest  accuracy  was  seen
n  Category  V  (FDI  Notation;  0.26).  The  more  dentists  were
hallenged,  the  lower  the  accuracy.  Additionally,  the  Kappa
alues  ranged  from  0.19  (category  V;  FDI  notation)  to  0.625
category  III;  incisors,  canines,  premolars,  or  molars).

Most  participants  incorrectly  identified  more  than  half  of
he  models  (N2,  N5,  N6,  N7,  N8,  and  N9).  More  errors  were
een  in  category  II,  region.  Participants  could  not  correctly
ocate  the  tooth  on  the  right  or  left  side  of  the  mouth  in  the
ssessment  of  six  models.  Errors  in  category  I,  tooth  type
permanent  or  deciduous),  and  category  IV,  (tooth  within
he  same  class)  were  also  registered  as  seen  in  Table  2.

Table  3  shows  the  t-test  accuracy  analysis  to  note  signi-
cant  differences  between  intact  and  fractured  3D  tooth
odels  for  each  category  (I—V).  Significant  differences  were

een  in  the  mean  accuracy  not  due  to  the  tooth  fracture
tatus,  but  rather  whether  the  tooth  was  deciduous  or  per-
anent  (four  variables).
Additionally,  the  difference  in  accuracy  for  each  percei-

ed  confidence  [1  (tooth  identified  with  total  confidence);
 (tooth  identified  with  limited  confidence);  3  (tooth  iden-
ified  with  low  confidence);  4  (tooth  identified  with  no
onfidence);  5 (impossible  to  identify  tooth,  confidence
an’t  be  scored)]  was  assessed.  The  perceived  confidence
f  participants  was  seen  to  have  the  highest  accuracy  when
articipants  opined  ‘‘limited  confidence’’,  although  with  no
ignificant  differences  for  each  category  (P  >  0.05).  Conside-
ing  category  I,  tooth  type  (permanent  or  deciduous),  most
articipants  (n  =  12;  21%)  correctly  answered  7  out  of  10
ooth  models  presenting  an  overall  ‘‘limited  confidence’’.
esults  for  category  II,  region  (quadrant  of  the  mouth),

 participants  (14%)  correctly  answered  3  out  of  10  tooth
odels  presenting  an  overall  ‘‘limited  confidence’’.  Results

or  category  III,  tooth  classification  (i.e.,  incisors,  canines,
remolars,  or  molars),  showed  12  participants  (21%)  cor-
ectly  answering  7  out  of  10  models  with  an  overall  ‘‘limited
onfidence’’  equal  to  12  participants  (21%)  answering  7  out
f  10  models  with  an  overall  ‘‘low  confidence’’.  In  cate-
ory  IV,  tooth  within  the  same  class  (e.g.,  upper  central
ermanent  incisor  or  upper  lateral  permanent  incisor)  most

f  the  participants  (n  =  14;  25%)  have  corrected  answers  to
nly  half  of  the  tooth  models  (n  =  5)  with  an  overall  ‘‘limited
onfidence’’.  Considering  category  V,  FDI  Notation  (e.g.,  11,
2,  23),  most  participants  (n  =  11;  19%)  correctly  answered
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Table  1  Description  of  the  ten  3D  digital  models  followed  by  image  with  a  ruler.  The  link  to  each  model  was  provided  for
assessment in  the  survey.

Model  Permanent
(P)  or
deciduous
(D)

Intact  (I)  or
sectioned
(S)

Tooth  with  a
ruler

Model  Permanent
(P)  or
deciduous
(D)

Intact  (I)  or
sectioned
(S)

Tooth  with  a
ruler

Model  N1
tooth  21
(length  =  18  mm)

P  S
Incisal  edge
absent

Model  N6
tooth  73
(length  =  17  mm)

D  S
Disto-Incisal
edge  absent

Model  N2
tooth  36
(length  =  23  mm)

P  S
Distal  half
of  crown
and  root
absent

Model  N7
tooth  18
(length  =  17  mm)

P  I

Model  N3
tooth  23
(length  =  27  mm)

P  I  Model  N8
tooth  25
(length  =  22  mm)

P  S
Distal
aspect  of
the  crown,
Buccal  and
Palatal  cusp
tips  absent.
Disto-
cervical
root  absent

Model  N4
tooth  75
(length  =  14  mm)

D  S
Occlusal
surface  and
middle
1/3rd  of
crown
absent

Model  N9
tooth  62
(length  =  16  mm)

D  I

Model  N5
tooth  34
(length  =  22  mm)

P  I  Model  N10
tooth  26
(length  =  21  mm)

P  S
Occlusal
surface

a
d

D

W
t
l
t

t
r
t
p
l
o

 maximum  of  two  models  with  an  overall  ‘‘limited  confi-
ence’’.  The  distribution  of  results  is  shown  in  Table  4.

iscussion
hen  evaluating  the  expertise  level  of  participants,  a  rela-
ively  low  level  of  expertise  (i.e.,  only  at  the  undergraduate
evel)  is  observed  in  contrast  with  participants  presen-
ing  a  relatively  high  level  of  expertise  (i.e.,  additional

c
I
w
s

4

absent

raining  and  taught  others).  This  indicates  that  current
esults  reflect  more  on  the  expertise  of  general  dental  prac-
itioners  without  further  training  in  the  field.  Continuing
rofessional  development  (CPD)  is  important  in  the  dentist’s
ife.  In  the  U.K.,  CPD  and  lifelong  learning  are  key  parts
f  the  General  Dental  Council’s  (GDC)  strategy  for  enhan-
ing  clinical  governance  within  the  dental  profession  [21].

n  Europe,  plans  to  build  core  topics  into  CPD  requirements
ill  ensure  that  all  dentists  have  up-to-date  knowledge  and

kills  in  topic  areas  [22].
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Figure  1  Sample  distribution  divided  by  respondent’s  profession  (x-axis)  and  expertise  level  (y-axis).  The  shades  of  blue  with  a
darker tone  represent  higher  values.

Figure  2  The  mean  value  (y-axis)  of  accuracy  (green)  and  Kappa  Value  agreement  (blue)  for  each  analysis  classification  (x-axis).
5



S.  Mânica,  H.  Pandey,  G.  Mânica  et  al.

Table  2  Distribution  of  main  answers  and  category  of  errors  per  model.

Model  The  two  most
popular  answers
(%)

Category  of  error  Model  The  two  most
popular  answers
(%)

Category  of  error

N1  46%:  tooth  21a

30%:  tooth  11b
Category
II

N6c 02%:  tooth  73a

21%:  tooth  33b
Category  I

N2c 19%:  tooth  36a

26%:  tooth  46b
N7c 12%:  tooth  18a

30%:  tooth  28b
Category  II

N3 63%:  tooth  23a

16%:  tooth  13b
N8c 11%:  tooth  25a

16%:  tooth  44b
Categories  II  &  IV

N4 35%:  tooth  75a

21%:  tooth  85b
N9c 12%:  tooth  62a

54%:  tooth  22b
Category  I

N5c 28%:  tooth  34a

39%:  tooth  35b
Category  IV  N10  39%:  tooth  26a

Tooth  16,  tooth
64,  tooth  65  (each
11%)b

Categories  I  and  II

a Correct answers.
b Other most popular answers.
c The six models where the % of error was greater than the correct answers.

Table  3  Distribution  of  the  results  from  the  t-test  accuracy  analysis  for  each  category  according  to  four  variables.

Categories  Description  Mean  accuracy

Intact  tooth  Fractured  tooth  Deciduous  tooth  Permanent  tooth

I.  Tooth  type  The  tooth  is
permanent  or
deciduous

0.76  0.72  0.39a 0.89a

II.  Tooth  region  Mouth  quadrant  0.43  0.35  0.23  0.44
III. Tooth
classification

Incisors,  canines,
premolars,  or
molars

0.74  0.63  0.36a 0.81a

IV.  Tooth  class Tooth  distinction
within  the  same
tooth  class

0.48  0.46  0.26  0.55

V. FDI  Notation  Tooth  number  0.29  0.26  0.16  0.31
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a Significant difference (P < 0.05).

ean  accuracies  in  various  categories

entists  were  highly  accurate  when  distinguishing  perma-
ent  from  deciduous  teeth.  To  a  qualified  dentist,  the
ifferences  in  sizes,  root-crown  proportions,  and  features
etween  permanent  and  deciduous  teeth  may  be  obvious
nd  comparatively  easy  to  assess.  For  instance,  the  crown
ength  is  relatively  longer  in  permanent  teeth  when  compa-
ed  to  deciduous  teeth,  while  the  root  length  is  relatively
horter  in  permanent  teeth  than  in  deciduous  teeth.  Addi-
ionally,  the  mesiodistal  crown  diameter  is  relatively  smaller
n  permanent  teeth  (MD)  than  in  deciduous  teeth  [23].
oreover,  the  roots  of  deciduous  molars  are  more  splayed

han  corresponding  permanent  roots  and  appear  to  bifurcate
mmediately  below  the  cervical  margin  [24].
The  second  most  accurate  assessment  was  the  tooth
lassification  of  incisors,  canines,  premolars,  or  molars.
ooth  classification  can  be  discriminated  by  several  features
uch  as  the  incisal  edge  of  incisors,  single-cusp  of  the  biting

s
n
b

6

urface  of  canines,  two-cusps  (or  three)  of  premolars,
nd  the  wide  occlusal  table  of  molars  containing  three  or
ore  well-designed  cusps  [24].  Results  from  a  recent  study

ndicate  that  tooth  identification  aligns  with  the  general
ognitive  process  of  matching  visual  information  with  prior
nowledge  (pattern  recognition)  in  higher  association  areas
o  produce  a  semantic  interpretation.  Tooth  contour  is  a
arameter  that  is  easy  to  match  with  the  patterns  in  the
rain  [25].  Another  study  proved  the  importance  of  tooth
ontour  locating  segmentation  using  dental  impression
mages  for  tooth  identification  [26].

Dentists  were  least  successful  in  categorizing  teeth
ccording  to  the  FDI  Notation.  This  would  be  the  most  chal-
enging  classification  because  first,  the  participant  must
orrectly  classify  the  four  previous  categories  (I—IV).  An  effi-
ient  process  of  human  tooth  identification  follows  five  steps

tarting  with  the  distinction  between  deciduous  and  perma-
ent  teeth,  the  distinction  of  tooth  classes,  the  distinction
etween  maxillary  and  mandibular  teeth,  identification
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Table  4  Cross-tabulation  between  participants’  confidence  level  and  their  respective  correct  answers  out  of  10  models  for
each category  (I—V).

Category  I  —– Permanent  or  deciduous

Confidence  level  Score  (10  models)

4  5  6  7a 8  9  10

Impossible  1  —  —  —  —  —  —
No confidence  —  1  1  —  1  —  —
Low confidence  —  3  1  6  8  3  —
Limited confidence  —  —  2  12  8  4  1
Total confidence —  —  —  2  —  2  —

Category II  —– Tooth  region

Confidence  level  Score  (10  models)

1  2  3a 4  5  6  7

Impossible  —  1  —  —  —  —  —
No confidence  —  —  1  2  —  —  —
Low confidence  2  4  4  5  2  4  —
Limited confidence  —  5  8  6  5  1  3
Total confidence  —  —  —  2  1  1  —

Category III  —– Tooth  classification

Confidence  level  Score  (10  models)

3  4  5  6  7a 8  9

Impossible  —  1  —  —  —  —  —
No confidence  —  —  1  1  1  —  —
Low confidence  —  1  1  3  12  4  —
Limited confidence  —  3  —  6  12  4  3
Total confidence  —  —  —  —  2  1  1

Category IV  —– Tooth  within  the  same  class

Confidence  level  Score  (10  models)

2  3  4  5a 6  7  8

Impossible  1  —  —  —  —  —  —
No confidence  —  —  1  2  —  —  —
Low confidence  1  2  6  8  1  3  —
Limited confidence  3  2  2  14  2  3  1
Total confidence  —  2  —  1  1  —  —

Category V  —– FDI  notation

Confidence  level  Score  (10  models)

0  1  2a 3  4  5  6

Impossible  —  1  —  —  —  —  —
No confidence  —  —  1  1  1  —  —
Low confidence  —  3  8  5  3  2  —
Limited confidence  —  3  11  7  4  —  2
Total confidence  1  —  —  2  —  1  —

Bold characters are maximum number of correct answers.
a High scores.
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ithin  the  same  tooth  class,  and  finally  the  distinction
etween  left  and  right  sides  of  the  tooth  [3].  The  incor-
ect  identification  of  avulsed  or  isolated  teeth  will  prevent
orensic  dentists  from  associating  those  teeth  with  the  cor-
ect  bodies  presenting  sockets  of  teeth  missing  postmortem.
uring  body  decomposition,  teeth  commonly  are  disassocia-
ed  from  their  alveoli  (bone)  because  of  the  disappearance
f  the  surrounding  soft  tissue  and  the  periodontal  ligament
hat  keeps  the  teeth  attached  to  bone.  This  is  true  for  single-
ooted  teeth  such  as  incisors  and  canines  and  also  holds
or  immature  molars  and  premolars  [27].  Human-made  and
atural  disasters  can  result  in  severely  fragmented  and  com-
ingled  human  remains  [28]  and  amongst  those,  isolated

eeth.  Tooth  remains  can  also  be  recovered  from  mass  graves
29].  Moreover,  the  correct  assessment  of  avulsed  teeth  can
elp  with  the  counting  of  the  number  of  individuals  [8].

evel  of  confidence

nother  finding  is  that  the  most  popular  level  of  confidence
f  the  participants  was  ‘‘Limited  Confidence’’  which  was
een  as  linked  to  the  highest  accuracy  during  the  assess-
ent.  One  would  expect  that  the  correct  answer  would

ome  from  a  participant  with  total  confidence.  A  factor  that
ight  have  contributed  might  be  the  assessment  of  tooth
orphology  using  3D  models  and  not  the  real  teeth.  The

ppreciation  of  dental  features  requires  detailed  analysis.  It
s  claimed  that  lectures,  illustrated  textbooks  and  software
rograms  may  be  helpful  tools  in  the  dental  curriculum,  but
hey  cannot  replace  direct  contact  with  real  teeth  through
ision  and  touch  [30].  Results  of  a  comparative  study  in  den-
al  anatomy  showed  that  extracted  tooth  was  rated  highest
n  educational  value  by  the  students  while  the  3D  printed
odel  was  rated  easiest  to  use  [31].  Real  teeth  can  also
e  replaced  by  artificial  ones  during  training  in  dental  cli-
ics.  A  study  on  the  use  of  artificial  teeth  for  pre-clinical
ndodontic  training  achieved  similar  educational  outcomes
ompared  to  extracted  teeth  but  the  experiences  reported
y  the  students  diverged  [32].  Moreover,  recent  studies  pre-
ented  evidence  that  3D  virtual  tooth  identification  can  be
sed  to  assess  dental  students’  understanding  of  dental  ana-
omy  effectively  [1,18];  however,  this  could  be  considered

 new  approach,  and  the  participants  might  not  have  had
xposure  to  virtual  assessment  as  undergraduate  students.

The  metric  analysis  of  tooth  morphology  is  not  less
mportant.  The  genetic  influence  on  different  human  tooth
imensions  [33]  and  average  sizes  have  been  calculated
n  populations  [34,35].  Also,  deciduous  teeth  have  a  smal-
er  size  when  compared  to  permanent  teeth  [24]. The
ssessment  of  the  tooth  size  is  also  important  during  the
namnesis.  Anomalies  in  size  can  be  noted  as  macrodon-
ia,  the  term  used  to  designate  teeth  that  are  larger  than
ormal,  and  microdontia  where  teeth  are  smaller  in  size  or
olume  than  normal  [36].  This  could  be  easily  accomplished
y  comparing  the  teeth  of  the  same  individual;  however,  the
vulsed  teeth  of  different  individuals  do  not  permit  com-
arison.  Digital  tooth  models  also  do  not  offer  parameters

specially  because  models  can  be  interactive  and  controlled
y  the  user  [37].  The  participants  of  this  study  could  see  a
uler  positioned  against  the  image  of  the  tooth  module  but
ome  faced  limitations.

n
l
i
p
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The  level  of  ‘limited  confidence’  could  also  be  slightly
nterpreted  as  a lack  of  total  self-confidence  during  the
ssessment.  On  one  hand,  this  could  be  associated  with  less
linical  exposure  [20,38]. On  the  other  hand,  experience
nd  self-confidence  correspond  directly  to  the  learning
xperiences  and  self-efficacy  constructs  [39].  The  factors
nvolving  the  analysis  of  the  personality  of  the  participants
re  outside  the  scope  of  this  study.

ifferent  accuracy  between  the  fractured  and
ntact tooth

o  positively  identify  a  tooth,  a  dentist  relies  on  key  ana-
omical  landmarks.  For  example,  observing  the  number
nd  ratio  of  cusps  can  help  identify  an  upper  first  molar,
nd  comparing  the  size  of  the  cusps  can  determine  the
ooth’s  position.  Without  these  details,  identifying  the  teeth
ecomes  more  challenging.  The  contours  of  the  dental
rowns  are  very  informative  and  highly  relevant  to  basic  den-
al  morphology.  For  instance,  the  cusps  of  teeth  can  usually
e  referred  either  to  vestibular  (buccal)  or  to  oral  (lingual)
ides,  which  indicates  the  side  of  the  mouth  [40].  The  assess-
ent  of  cusps  is  so  important  that  a  study  quantified  the
orphological  parameters  for  tooth  identification  by  asses-

ing  the  angles  between  cusps,  distances  between  cusps  and
he  mesial  pit  of  maxillary  first  molars,  as  seen  in  digitalised
ental  casts  [41]. It  is  important  to  note  that  the  morpho-
ogical  information  provided  by  the  dental  crown  can  be
amaged.  Erupted  tooth  in  the  functional  form  (occlusion)
an  be  subject  to  attrition  (physiological  or  pathological)  or
brasion  [42].

Although  our  results  indicated  that  the  mean  accuracy
or  each  category  was  higher  for  intact  teeth,  quantitative
nalysis  revealed  no  significant  differences  between  them.
his  suggests  that  multiple  anatomical  variations  can  still
e  used  to  identify  a tooth  to  some  extent  (i.e.,  identi-
ying  only  the  tooth  type),  but  it  might  not  be  sufficient  to
ompletely  identify  a tooth  using  the  FDI  notation.  Interes-
ingly,  a  significant  difference  was  found  when  respondents
dentified  deciduous  versus  permanent  teeth,  with  a  higher
ean  accuracy  in  identifying  primary  teeth.  The  size  is  the
ain  distinguishing  factor  between  permanent  and  deci-
uous  teeth,  but  other  multiple  anatomical  differences  need
o  be  factored  in.  However,  the  variations  within  deciduous
eeth  are  quite  similar  to  each  other  (12),  which  creates  a
reater  challenge  in  positively  identifying  a  specific  deci-
uous  tooth,  especially  if  it  is  fractured.

The  maxillary  left  central  incisor  (model  N1)  presented
ith  a  missing  incisal  edge  was  identified  correctly  by  46%
f  the  participants,  which  could  be  attributed  to  the  size
nd  shape  of  the  visible  crown  and  complete  root  assisting
n  the  identification  of  the  tooth  region  and  class,  the  dis-
al  bend  at  root  tip  would  indicate  the  correct  side.  30%
f  participants  incorrectly  identified  it  as  the  right  incisor
nstead.  The  disto-incisal  edge  of  the  deciduous  mandibular
eft  canine  (model  N6)  was  missing,  2%  of  the  participants
dentified  it  correctly,  while  21%  identified  it  as  the  perma-

ent  mandibular  left  canine.  The  deciduous  maxillary  left
ateral  incisor  (model  N9)  was  intact,  but  it  was  correctly
dentified  by  only  12%  of  participants,  while  54%  of  partici-
ants  identified  it  as  the  permanent  maxillary  left  lateral
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ncisor.  Previous  guidelines  indicated  that  the  keys  to  col-
ecting  good  dental  morphological  data  are  the  availability
f  dental  plaques  for  comparison,  magnification,  good  ligh-
ing,  caution  and  experience  [43].  The  level  of  confidence
f  participants  could  have  been  impacted  by  such  technical
actors,  particularly  since  the  study  was  performed  using
igital  modules.

Moreover,  in  six  tooth  models,  participants  could  not  cor-
ectly  locate  the  tooth  on  the  right  or  left  side  of  the  mouth.
istinctions  can  be  made  by  carefully  assessing  specific  den-
al  features  such  as  the  curvature  of  the  cementoenamel
unction  (CEJ),  the  incisal  edges  of  anterior  teeth,  the  cusps
idges  of  posterior  teeth  and  the  correct  distinction  between
he  lingual  and  vestibular  surfaces  [24].

The  limitations  of  the  study  include  the  small  sample  size
f  participants  and  the  use  of  3D  models  instead  of  real  teeth
s  it  is  unknown  if  the  participants  were  familiar  with  them.
ome  models  could  not  be  freely  rotated.  Further  studies
hould  be  performed  on  real  teeth  and  teeth  fragments  and
nclude  many  participants  with  uniform  distribution  across
ifferent  backgrounds.

onclusion

entists  in  this  study  could  correctly  categorise  permanent
nd  deciduous  teeth  with  high  accuracy.  The  assessment  of
ntact  and  sectioned  teeth  has  not  presented  differences
n  accuracy.  The  highest  accuracy  in  results  was  linked  to
he  limited  confidence  of  dentists  but  factors  contributing
o  this  level  of  confidence  are  not  clear  in  this  study.  More
ttention  should  be  paid  to  the  dental  features  that  distin-
uish  location  on  the  right  or  left  side  of  the  mouth.
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